The soil and water assessment tool (SWAT) model was applied for the first time in Cuba to assess the potential impacts of climate change on water availability in the Cauto River basin. The model was calibrated (and validated) for the 2001-2006 (2007-2010) period at a monthly timescale in two subbasins La Fuente and Las Coloradas, representative of middle and upper sections of the Cauto basin; the calibrated models showed good performance. The output available for the regional climate Model RegCM4.3 was used to force the calibrated SWAT models to simulate a baseline period and near-future (2015-2039) hydrologic regimes under the representative concentration pathway (RCP) 8.5 emission scenario. The future projections suggest regional increases of 1.5 • C in mean annual temperature and a 38% decrease in mean annual precipitation in the subbasins. These changes translate to possible reductions in the annual streamflow of up to 61% with respect to the baseline period, whereas the aquifer recharge in the basin is expected to decrease up to 58%, with a consequent reduction of groundwater flow, especially during the boreal summer wet season. These projection scenarios should be of interest to water resources managers in tropical regions.
Introduction
The management and planning of water resources is becoming more challenging due to the uncertainties of climate change [1] . The increase in temperature, variations in precipitation, and changes in the frequency of extreme events increase the probability of flood occurrences and change the total and seasonal water supply, among other impacts [2] . Recent studies on climate change in the Caribbean [3, 4] , particularly in Cuba [5, 6] , suggest that air temperatures may increase, and precipitation may decrease at the end of the 21st century, especially during the summer season. This, combined with changes in land use, could have an important impact on hydrological processes at the basin level.
Modeling the hydrology of Caribbean river basins presents challenges due to their high climatic variability and the strong influence of extreme events, for instance by tropical storms and hurricanes [7] . Despite the increasing availability of hydrological models, their use in tropical islands is generally
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Study Area
The Cauto River basin, the largest in Cuba, covers a surface area of 9540 km 2 ; the river is also the country's longest, with a length of 343 km ( Figure 1 ). The climate of this basin is characterized by a rainy season (May-October) and a dry season (November-April), with average rainfall of 1260 mm/year. As a result, the flow is seasonal, with higher flows during the summer and an average annual flow of 63 m 3 /s ( Table 1 ). The Cauto River flows through 4 out of the 5 provinces of southeast Cuba until it drains into the Caribbean Sea ( Figure 1 ). Agriculture is the main economic activity; crops predominate in the Cauto River valley, whereas evergreen forests cover the upper part of the basin (Figure 2a ). This study is focused on the results of two subbasins (La Fuente and Las Coloradas) located in the middle and upper parts of the basin (Figure 1 ). Both subbasins play an important role in the streamflow (discharge) management in the basin, especially during the rainy season; these subbasins were also selected because of the availability of observed streamflow and climate data, which are essential for the calibration and validation of the hydrological model. La Fuente subbasin is in the mid-altitude region; it has an elevation between 120 and 500 m.a.s.l. and an area of 75 km 2 , while Las Coloradas is in the upper-altitude region between 500 and 1000 m.a.s.l. with an area of 64 km 2 (Table 1 ). In the two subbasins, there are no dams ( Figure 1 ). These subbasins have a rainy season from May to October and a dry season from November to April, with an average annual rainfall of 1625 mm/yr in La Fuente and 1447 mm/year in the Las Coloradas. The average monthly temperature ranges from 19 to 21 • C [34] . According to the Instituto de Planificación Física of Cuba [28] , the soil types in both subbasins are characterized by fersialitic, ferralitic, and brown soils with carbonates ( Figure 2b ). 
Hydrological Model Description
SWAT is a hydrological model of public domain used to simulate the quality and quantity of surface and ground water for different climate regimes and to predict the potential impacts of climate change on water resources [35] . The model is based on the general water balance Equation (1), described by Neitsch et al. [36] , which is used to simulate different hydrological processes.
where SWt and SW0 are the final and initial soil water contents (mm), t is time (days), Rday is the amount of precipitation (mm), Qsurf is the amount of surface runoff (mm), Ea is the amount of evaporation (mm), Wseep is the amount of percolation and bypass flow exiting the soil profile bottom (mm), and Qgw is the amount of return flow (mm). The SWAT theoretical documentation version 2011 [36] describes the main components of the model: (a) surface runoff is estimated using the Soil Conservation Service (SCS) curve number (CN) method [37] ; (b) the rate and velocity of overland flow and a variable storage routing method [38] in the channel network is obtained using Manning's equation; and (c) the lateral flow is simulated using a kinematic storage model [39] , whereas the return flow considers an unconfined aquifer [36] . SWAT 
where SW t and SW 0 are the final and initial soil water contents (mm), t is time (days), R day is the amount of precipitation (mm), Q surf is the amount of surface runoff (mm), E a is the amount of evaporation (mm), W seep is the amount of percolation and bypass flow exiting the soil profile bottom (mm), and Q gw is the amount of return flow (mm). The SWAT theoretical documentation version 2011 [36] describes the main components of the model: (a) surface runoff is estimated using the Soil Conservation Service (SCS) curve number (CN) method [37] ; (b) the rate and velocity of overland flow and a variable storage routing method [38] in the channel network is obtained using Manning's equation; and (c) the lateral flow is simulated using a kinematic storage model [39] , whereas the return flow considers an unconfined aquifer [36] .
SWAT includes several options to estimate potential evapotranspiration; in the current study, the Hargreaves method [40] was employed.
Data Input and Model Setup
The watershed delineation of the drainage network and the limits of the subbasins were obtained using ArcSWAT version 2012 [41] and a digital elevation model (DEM) with a resolution of 25 m × 25 m. The DEM was obtained from the studies of Agencia de Medio Ambiente [42] . For this purpose, the river network for the Cauto basin was extracted using standard analytical techniques contained in the ArcSWAT GIS interface (a minimum upstream contributing area of 80 km 2 was used as a threshold value for defining river cells). A total of 82 subbasins were obtained for the Cauto River basin. They have similar size and represent the heterogeneity of the catchment area ( Figure 1 ). Our focus in this modeling effort using SWAT was on two subbasins La Fuente and Las Coloradas, where the variability of terrain, soil, and land use conditions is lower than in the entire Cauto River basin.
The land use and soil type information shown in Figure 2 was obtained from the cartography generated by the Cuban Soils Institute (scale 1:100,000). Seven types of land use were identified in the basin (Figure 2a) , with being agriculture the most predominant (39%). The remaining areas are covered by forest and pasture (33%) and mixed forests with evergreen vegetation (18%). In particular, the subbasins modeled in this study ( Figure 1 ) are mainly covered by forest and pasture.
Because SWAT only contains a database of soil types for the United States, it was necessary to implement a soil database for the Cauto River basin. The World Reference Base for Soil Resources [43] was used to identify the soil properties, similar to other works [21] . The predominant soil types in the basin (Figure 2b ) are brown (33%), vertisols (24%), and fluvisol (10%). For model input, the terrain slopes derived from the DEM were divided into three major classes, following the Food and Agriculture Organization (FAO) criteria 0-8%, 8-30%, and >30% [43] to capture the major physiographic differences in the basin. Slopes lower than 8% lead to rill and inter-rill erosion, slopes between 8 and 30% lead to gully erosion, and when slopes are higher than 30%, stream and channel erosion processes start.
Based on the combination of land use, soil types, and slope data, the model was subdivided into small areas known as hydrological response units (HRUs). A minimum threshold of 10% was used to eliminate minor land uses, soils, and slopes in each subbasin to facilitate processing and to limit the number of HRUs in each subbasin.
Meteorological and streamflow data were provided by the Instituto de Meteorología de Cuba (INSMET) and the Grupo Empresarial de Aprovechamiento de los Recursos Hidráulicos (GEARH). The monthly streamflows for two hydrometric stations (one in each subbasin) were obtained for 2001-2010. Daily precipitation and maximum and minimum temperatures from stations in the basin were obtained for the period from 1996 to 2010 ( Figure 1 ). Missing meteorological data were completed through a linear regression method, using the nearby stations data. All regression analyses were statistically significant (p ≤ 0.05), showing a good correlation between stations. 
Model Calibration and Validation
Given the streamflow data availability (on a monthly basis) in the two subbasins, a simulation period from 1 January 1996 to 31 December 2010 was selected. The first five years were used for model spinup (a period that does not necessarily need streamflow data): The calibration period extended from 1 January 2001 to 31 December 2006, and a split-sample validation was performed from 1 January 2007 to 31 December 2010. To evaluate the model simulations under different climate conditions, the calibration and validation periods included wet, average, and dry seasons.
The selection of the 17 initial model parameters and their ranges (Table 2 ) was based on the basin characteristics, preliminary model runs, and a literature review . During the calibration stage, a sensitivity analysis was carried out with the Latin hypercube one-factor-at-a-time (LH-OAT) method [45] to identify the parameters that were most influential in governing streamflow and other hydrological processes. The parameter sensitivity was quantified based on the p value from a Student t test; a parameter was deemed sensitive if p ≤ 0.05 after running 300 simulations in a single iteration.
Automatic calibration using all 17 parameters was then performed on a monthly timestep using the sequential uncertainty fitting, version 2 (SUFI2) algorithm implemented in the SWAT Calibration and Uncertainty Program (SWAT-CUP) [46] . The SUFI2 method is fast and requires a lower number of model runs to achieve a satisfactory solution compared with other uncertainty analysis techniques [21] . For each subbasin, 1500 simulations were run in three iterations of 500 simulations each, manually readjusting the parameters after each iteration. The "best simulation" was obtained using the difference between observed and simulated streamflow by using the Nash-Sutcliffe efficiency coefficient (NSE) [47] as the objective function.
Model Performance Metrics
Model performance was assessed both graphically and statistically using the coefficient of determination (R 2 ), NSE, and the percent bias (PBIAS), because they are widely used in hydrological calibration and validation [48] . R 2 varies between 0 and 1, where 0 indicates a poor fit and 1 a perfect fit. NSE ranges from −∞ to 1 and measures how well the simulated versus the observed data match the 1:1 line [47] as follows:
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where Q obs and Q sim are the observed and the simulated data, respectively; Q mean is the mean value of observations from i = 1 to n observations. PBIAS is a measure of whether the mean flows simulated by the model (Y sim ) are larger (positive PBIAS) or smaller (negative PBIAS) than the observations (Y obs ), indicating over-or underestimation, respectively [48] , as follows:
After analyzing these statistical indicators, we followed the approach of Moriasi et al. [48] to determine the model performance at the monthly time scale: Model simulation is satisfactory if NSE > 0.5 and if PBIAS ≤ 25% for streamflow (discharge). However, other authors, such as Van Liew et al. [49] used slightly different criteria for interpreting model performance: An absolute value of PBIAS less than 20% is considered "good", while values between ±20% and ±40% are considered "satisfactory". NSE index values greater than 0.75 are considered "good", and between 0.75 and 0.36 are considered "satisfactory".
RegCM4.3
We used the hydrostatic, compressible, three-dimensional, regional climate model RegCM4 [33] originally developed by [50, 51] . In 2018, the Abdus Salam International Centre for Theoretical Physics (ICTP) launched the latest version of the RegCM4.7. However, in this work we used RegCM4.3 daily outputs (precipitation, and maximum and minimum temperatures) at 50-km resolution, which are freely available for the Central America domain through the Coordinated Regional Dynamical Experiment (CORDEX) data webpage [33] at (https://esg-dn1.nsc.liu.se/search/cordex/). RegCM4 includes several parameterizations to solve physical, dynamical, and thermodynamic processes. The model output is based on Emanuel [52] convective parameterization over the ocean, the Grell [53] convective scheme over the continent, and the surface module from the community land model version 3.5 [54] . These configurations performed relatively well in Mexico and the Caribbean region at reproducing present-day climate conditions [15, 55, 56] . The initial and lateral boundary conditions for RegCM4.3 were from the Hadley Global Environment Model 2-Earth System (HadGEM2-ES), which reproduces relatively well the Caribbean climate when driving RegCM4 [15, 56, 57] .
Monthly temperature and precipitation data from the climate research unit (CRU) [58] at 50-km resolution, as well as daily temperature and precipitation data from the INSMET-GEARH database from meteorological stations in Cuba were used to evaluate the RegCM4.3 simulations. Daily data of the HadGEM2-ES global circulation model from the Coupled Model Intercomparison Project Phase 5 Experiment (CMIP5) [59] were also used for verification purposes (freely available at http: //cmip-pcmdi.llnl.gov/). Daily data from RegCM4. Table 2 lists the initial ranges of 17 SWAT model parameter values and their final simulated values for each subbasin. The sensitivity analyses showed that five parameters were the most sensitive for the region based on a low p-value (≤0.05) of a t-test: Initial curve number (II) value (CN2), available water capacity (SOL_AWC), saturated hydraulic conductivity (SOL_K), channel effective hydraulic conductivity (CH_K2), and baseflow alpha factor for bank storage (ALPHA_BNK). Other studies also found these parameters as relevant for hydrological modeling in different basins around the world [60, 61] . The high sensitivity of CN2 and SOL_AWC revealed the importance of the surface runoff in the hydrology of the subbasins, which was expected considering the characteristics of the subbasins. Although the other parameters initially selected in Table 2 showed lower sensitivity, with p values between 0.1 and 0.05, they were kept in the calibration process due to their importance for groundwater and surface runoff, an argument also emphasized by White and Chaubey [62] .
Results
Modeling Approach
The parameter values estimated by SWAT were within physically reasonable ranges and described the hydrological processes in La Fuente and Las Coloradas according to the precipitation and streamflow observations. The calibrated final values obtained helped identify the differences between the two subbasins. As expected, the curve number (CN) was an important parameter for streamflow production, and the variations between the two subbasins could be attributed to the physical settings. La Fuente subbasin has lower infiltration capacities and higher runoff production potential at mid-elevations as compared with Las Coloradas subbasin. The differences in the soil evaporation compensation factor (ESCO), the baseflow recession coefficient (ALPHA_BF), and the groundwater "revap" coefficient (GW_REVAP) ( Table 2 ) between subbasins can be also linked to physiographic variations. Simulated and observed discharges at the mid-altitude La Fuente subbasin during calibration and validation periods are shown in Figure 3 . During calibration, the SWAT simulation reproduced the observed discharges and their variation in time but tended to overestimate the streamflow during dry periods. This overestimation may indicate that the model is not entirely capturing the dynamics of the groundwater components [1] or is not simulating adequately the evapotranspiration capacity of the vegetation [21] . The inaccuracy of the model performance during dry periods may be also associated with the objective function (NSE) used to calibrate the model, which tends to rely more on model performance during flood events [63] . In line with these results, SWAT has been shown to be weak when simulating low flows in other regions [64, 65] . Model performance metrics for La Fuente and Las Coloradas subbasins are shown in Table 3 . For La Fuente subbasin, according to the NSE (=0.67), the calibration is "good" [48] and the validation period is "very good" with an NSE = 0.86. The PBIAS based on monthly values in La Fuente shows a slight streamflow underestimation (−4%) in the calibration and underestimation (−15%) during the validation period. The low magnitudes of PBIAS correspond to a "good" performance rating for the model in both periods [48] . The R 2 values for discharge are 0.67 for calibration and 0.86 for validation, corresponding to model performance ratings of "good" and "very good", respectively [48] . Although this does not occur frequently, some authors have also reported a statistical improvement in the validation period [66] . Model performance metrics for La Fuente and Las Coloradas subbasins are shown in Table 3 . For La Fuente subbasin, according to the NSE (=0.67), the calibration is "good" [48] and the validation period is "very good" with an NSE = 0.86. The PBIAS based on monthly values in La Fuente shows a slight streamflow underestimation (−4%) in the calibration and underestimation (−15%) during the validation period. The low magnitudes of PBIAS correspond to a "good" performance rating for the model in both periods [48] . The R 2 values for discharge are 0.67 for calibration and 0.86 for validation, corresponding to model performance ratings of "good" and "very good", respectively [48] . Although this does not occur frequently, some authors have also reported a statistical improvement in the validation period [66] . Figure 4 shows the simulated and observed monthly discharges at the high-altitude Las Coloradas subbasin during the calibration and validation periods. In general, the simulated discharges compared well to the observations, although some of the low flow periods were not well captured, as also noted earlier in La Fuente subbasin (Figure 3 ). On the other hand, peak flows tended to be overestimated in some extreme precipitation events (>500 mm/month), especially during the validation period (PBIAS 34%, Table 3 ). During this period, precipitation was significantly larger (i.e., more than 200 mm) (Figure 4b ) than the largest two peaks (i.e., ~800 mm) of the calibration period (Figure 4a ). One possible explanation for the overestimation is that the calibration did not cover the most extreme rainfall events of the entire period, resulting in a poor performance during the validation. The overestimation of maximum flows for rainy periods in basins with very rapid hydrological responses has been also reported by some authors in other climates [67] . Consistent with the PBIAS and the monthly skills of NSE (0.54) and R 2 (0.50), the performance of the calibration can Figure 4 shows the simulated and observed monthly discharges at the high-altitude Las Coloradas subbasin during the calibration and validation periods. In general, the simulated discharges compared well to the observations, although some of the low flow periods were not well captured, as also noted earlier in La Fuente subbasin (Figure 3 ). On the other hand, peak flows tended to be overestimated in some extreme precipitation events (>500 mm/month), especially during the validation period (PBIAS 34%, Table 3 ). During this period, precipitation was significantly larger (i.e., more than 200 mm) (Figure 4b ) than the largest two peaks (i.e.,~800 mm) of the calibration period (Figure 4a ). One possible explanation for the overestimation is that the calibration did not cover the most extreme rainfall events of the entire period, resulting in a poor performance during the validation. The overestimation of maximum flows for rainy periods in basins with very rapid hydrological responses has been also reported by some authors in other climates [67] . Consistent with the PBIAS and the monthly skills of NSE (0.54) and R 2 (0.50), the performance of the calibration can be described as "satisfactory" [48] .
During the validation period, the statistical metrics yielded a worse performance than the calibration, as seen in Table 3 , but still satisfactory according to Van Liew et al. [49] . It is common for the statistical skill of the validation period to be worse than the calibration period, because the model parameters are optimized for the calibration [48] . In general, the performance over the two subbasins calibration periods ranges from "good" to "satisfactory" according to Moriasi et al. [48] criteria. La Fuente subbasin yielded a better model statistical performance than the Las Coloradas subbasin in all evaluated metrics (higher R 2 and NSE and lower absolute PBIAS). Especially noticeable is the better NSE value during validation (0.85 in La Fuente vs. 0.45 in Las Coloradas). The main reason for a worse statistical performance in Las Coloradas may rely on the lack of accuracy in the simulation of most of the flow peaks, while in La Fuente several peaks showed a near-perfect fit. NSE is very sensitive to the accuracy in a high flows simulation, because it tends to rely on the peaks of the calibrated variable [63] .
Despite the validation results in the subbasin Las Coloradas, we consider that the calibration model predicts the baseline flow reasonably well; thus, the model is adequate to analyze the future changes in the hydrology of the basin based on climate change scenarios [68] .
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Analysis of Historical Simulations
RegCM4.3 Evaluation
Both the regional and global models simulated adequately the annual cycle of precipitation and showed the observed bimodality according to the stations, but RegCM4.3 slightly underestimated the observed annual precipitation in la Fuente (by 16%) and Las Coloradas (by 15%).
Despite this underestimation, RegCM4.3 improved the monthly precipitation with respect to the HadGEM2-ES global model used as forcing (Figure 7a ). The underestimation of RegCM4.3 could be related to the choice of convective parameterizations used [15, 55] . Furthermore, the general pattern of the annual cycles of mean, maximum, and minimum temperatures were captured by RegCM4.3 and HadGEM2-ES, as compared with CRU and the climate stations (Figure 7b-d) . However, the two models tended to underestimate the maximum temperature and overestimate the minimum temperature. The highest maximum temperatures occur during the summer, and both models point to July and August as the hottest months, consistent with observations, but RegCM4.3 significantly underestimated the maximum temperature by 4 • C during the summer, which may have an impact on the water balance. (Table 6 ). These results are consistent with prior studies that show a significant reduction of summer rainfall in the Caribbean region [70] [71] [72] and in the Cauto River basin [73] . The projected changes in winter precipitation are small and positive, which could be related to possible increases in the frequency and intensity of the ENSO-related events [5, 6] . Table 6 Figure 8 shows the future changes (2015-2039 relative to 1970-2000) of precipitation and temperature in the Cauto River basin and in the subbasins derived from RegCM4.3 under the most extreme climate scenario (RCP 8.5). The projections suggest a drier rainy season from May to October and a slight increase of precipitation in March, at the end of boreal winter. The future scenarios for temperature are all positive, but the increase is greater in summer than in winter (>1.4 °C), which could have significant effects on the total streamflow. The mean climate during 2015-2039 is projected to be drier (−18%) and warmer (+1.5 °C) relative to 1970-2000 (Table 6 ). These results are consistent with prior studies that show a significant reduction of summer rainfall in the Caribbean region [70] [71] [72] and in the Cauto River basin [73] . The projected changes in winter precipitation are small and positive, which could be related to possible increases in the frequency and intensity of the ENSOrelated events [5, 6] . Table 6 also shows the projected changes of temperature and precipitation for 2070-2096 relative to 1970-2000 under the RCP 8.5 scenario in the Cauto river basin. These results suggest a significant increase of temperature (+3.3 °C) and a possible reduction in annual precipitation of −25%. The 21st century trends of temperature and precipitation in the region suggest potential negative impacts in the streamflow, as described below for the near future. Table 7 shows the historical and future scenarios of the water balance components in the two subbasins. The annual precipitation may decrease between 36% and 41%, but RegCM4.3 showed 15% underestimation during the historical period with respect to the station data (Figure 7a) , and bias correction was not applied to precipitation before running SWAT. Under these considerations, future scenarios from SWAT for 2015-2039 suggest that the total flow (TotalQ) in La Fuente and Las Coloradas subbasins could be reduced by −53% and −61%, respectively (Table 7) . These results are consistent with other studies from the Caribbean region that project a reduction of streamflow during the wet season [74] . These findings are also in line with Arnell [75] , who reported a similar behavior in other Caribbean islands.
Impact of Climate Change on Hydrology
Potential evapotranspiration (PET) increases slightly in the RCP 8.5 scenario associated with the mean temperature increase. Despite this increase in PET, AET decreases in La Fuente (−25%) and in Las Coloradas (−31%). Such a reduction is associated with lower soil water availability for evapotranspiration due to a reduction in precipitation (especially during summer, Figure 9 ). However, the percentage of precipitation lost through AET is expected to increase in the future scenario (Table 7) . From this analysis, it is clear that decreases in the hydrological components are associated with the projected changes in precipitation (reduction) and temperature (increase). Other studies have also pointed out that hydrological components are especially sensitive to a decrease in precipitation and high temperatures [76, 77] .
Total aquifer recharge could also decrease up to −52% in La Fuente and −63% in Las Coloradas in 2015-2039 compared with the baseline period. Accordingly, groundwater flow contribution to streamflow is expected to decrease (71% in the La Fuente and 64% in Las Coloradas, Table 7 ). The reduction of precipitation and the higher percentage of water loss via AET may explain this process. In the annual cycle, the projections of the water balance components show different seasonal responses (Figure 9 ). The largest positive and negative changes are observed in the TotalQ component in the subbasins. This indicates the high sensitivity of surface runoff to changes in precipitation input, especially during the summer. An interesting observation from Figure 9 is that evapotranspiration is less sensitive to precipitation, with a moderated set of changes in its behavior throughout the year. AET is especially reduced from spring to early autumn when P is expected to decrease. The reduction of P is more noticeable in the summer, consistent with the precipitation projections for the Caribbean [70, 71] . This reduction and the increase of temperature could affect the aquifer recharge in the subbasins during the summer in the near future. In winter, the precipitation change is small, with a minor increase (decrease) in March (December). These changes would affect negatively the TotalQ, especially in May and October, as seen in Figure 9 .
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Total Water Storage
Total water storage (TWS) obtained from the monthly water balance as TWS = P − (TotalQ + AET) is shown in Figure 10 for the baseline period and the future scenario. The TWS equation is simple and has been used for various purposes [78, 79] . In a recent paper, Thapa et al. [80] demonstrated that basin-scale estimates of TWS with SWAT are successful. Their study focused on the use of three hydrological models (SWAT, HBV, and BTOPMC) to analyze the water balance components and their temporal and seasonal variations. SWAT was better than the other models, and it captured well the flow patterns in most of the seasons. For the Cauto River basin, TWS shows positive values during the rainy season (May-October) and negative ones during the dry season ( Figure 10 ). Negative storage is also observed in July during the MSD season. A generally good agreement was found between TWS and rainfall in the two subbasins. During the baseline period, TWS varied from +45 mm to −7 mm in the La Fuente subbasin, while in Las Coloradas, TWS varied from +57 mm to −26 mm. This implies that La Fuente subbasin is able to store slightly more water in the rainy season, which is then used during the dry season, whereas the faster runoff response in Las Coloradas impedes a larger storage in the rainy season and releases less during the dry periods. . P is precipitation, AET is actual evapotranspiration, and TotalQ is total flow. The monthly changes are relative to their annual contribution.
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In the near future, the annual cycle of TWS is similar to the baseline period, but it is lower during the summer (Figure 10a,b) ; a positive value in early winter (January, February, and March) is seen in both subbasins. This behavior in storage could be related to the projected significant decrease of precipitation during the summer and a slight increase of precipitation during boreal winter (Figure 8 ). On average, annual TWS could fluctuate in the future from +30 mm to −2 mm in La Fuente and from +35 mm to −12 mm in Las Coloradas subbasin. TWS data provides an important source of information for the hydrological cycle simulation in the subbasins and may give a rough estimate of the hydrologic variables for the future. However, these scenarios should be taken with caution, because they are based on a single RCM; moreover, RegCM4.3 has its own uncertainties based on the historical biases in the basin described in Section 3.3. Thus, these scenarios represent a possible future, and the methodology serves as a guidance for future hydro-climatic studies in the region.
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Discussion
Based on the analysis produced by SWAT, the simulated streamflows are generally consistent with observations from the two (middle-and high-altitude) subbasins in the Cauto River during the calibration period. The peak monthly flows were captured well in most cases, although tended to be overestimated in some events; but, discharge was not estimated with precision during low flow periods and during the largest flows, especially in the high-altitude subbasin (Las Coloradas). Low SWAT performances during dry conditions have been also documented by other authors [64, 65] . The relatively low skill of the model in Las Coloradas is partially associated with the objective functions or performance indexes used to calibrate the model, which tend to rely more on flood features [63] , especially NSE. However, this metric was used because peak events are a very important feature in tropical regions and because NSE is the most used performance statistic in the SWAT literature. There are also physical factors that may explain the low performance of SWAT in a tropical region. First of all, the limited length of the observational dataset, which did not include all types of extreme events during both the calibration and validation periods, was consistent with Stehr et al. [81] . Secondly, 
Based on the analysis produced by SWAT, the simulated streamflows are generally consistent with observations from the two (middle-and high-altitude) subbasins in the Cauto River during the calibration period. The peak monthly flows were captured well in most cases, although tended to be overestimated in some events; but, discharge was not estimated with precision during low flow periods and during the largest flows, especially in the high-altitude subbasin (Las Coloradas). Low SWAT performances during dry conditions have been also documented by other authors [64, 65] . The relatively low skill of the model in Las Coloradas is partially associated with the objective functions or performance indexes used to calibrate the model, which tend to rely more on flood features [63] , especially NSE. However, this metric was used because peak events are a very important feature in tropical regions and because NSE is the most used performance statistic in the SWAT literature. There are also physical factors that may explain the low performance of SWAT in a tropical region. First of all, the limited length of the observational dataset, which did not include all types of extreme events during both the calibration and validation periods, was consistent with Stehr et al. [81] . Secondly, parameter values might change (from the calibration to the validation period) due to different vegetation or climate conditions [82] . A final factor is that the baseline recession parameters possibly did not vary enough during calibration; a similar behavior was found in a tropical basin in Brazil [83] .
Despite the modest performance in the Las Coloradas subbasin during the validation period, the overall performance over the calibration period ranged from "good" to "satisfactory" in the two subbasins; this justifies the use of the calibrated SWAT model for subsequent simulation of the potential impacts of climate change on water availability. This is very relevant, because this work comes from a region of the world that has been typically understudied by SWAT modeling works.
The RegCM4.3 historical simulations showed an underestimation of summer precipitation in the basin, as compared with the station data, but improved the precipitation compared to its forcing global model (HadGEM2-ES). It is likely that the underestimation of RegCM4.3 is related to the poor representation of some components of the hydrological cycle (i.e., soil moisture, surface fluxes and vegetation types, or the convective parameterization) as explained by Martínez-Castro et al. [14, 15] . Other regional climate models, such as PRECIS, also tend to underestimate precipitation in the Caribbean islands [16, 70] . The complex interaction between the small islands and the ocean may also be a limiting factor.
In this study, we found that the impact of climate change would be to decrease precipitation and water components during the wet season from May to October and to slightly increase precipitation during boreal winter. These results are consistent with projections documented by other models for the Caribbean [4, 57] . The precipitation response projected under the RCP 8.5 emission scenario suggests that dry conditions could be intensified during the summer in the Cauto River basin in the near future. The future scenarios for temperature were all positive, but the increase was greater during the summer (>1.4 • C) than in winter, which could have negative effects on the total streamflow. The hydrological response to the combined impacts of temperature and precipitation changes would lead to water shortages (as suggested by the SWAT simulation) and the need for a better and more efficient planning of short-term water delivery in the subbasins. The findings presented here, based on SWAT simulations, suggest a significant reduction in surface and groundwater availability in the two subbasins in the near future (2015-2039, relative to the baseline period), with the largest decreases expected during the boreal summer rainy season. The differences in future hydrologic projections in comparison to historical conditions are notable.
Furthermore, estimated values of TWS reveal decreases in water storage during the summer and a small, but positive, storage change in boreal winter, which suggest that seasonal fluctuations of water balance components need to be accounted for. Nevertheless, these results may be taken with caution considering the aforementioned weaknesses of SWAT modeling during dry conditions and during large peak flows, which may not be fully capturing the dynamics of the groundwater component of the hydrologic system [21] .
We recognize that this study has some limitations, which in future studies can be reduced by considering some of the following issues. (1) The climate change impact is addressed here using only one hydrological model (SWAT) and two forcing variables (precipitation and temperature), neglecting other near-surface atmospheric factors, which might affect runoff generation. (2) The SWAT parameters used during the calibration period were kept the same for the historical and future scenario simulations. This assumption could carry uncertainties into scenario simulations depending on the extent of future technological and climate changes. (3) The use of a SWAT generic agricultural land use with default management operations might be another weakness of the model. Not specifying crop types and the management practices in the study region might lead to errors, particularly regarding evapotranspiration. Recent results (i.e., Pierini et al. [84] ; Qiao et al. [85] ) have shown that detailed biophysical parameters of crop species can improve the performance of distributed, physically-based models, such as SWAT, and reduce model uncertainty. Nevertheless, land use in our two calibrated subbasins is dominated by forest and pasture, while agriculture is minor. (4) RegCM4.3 downscaling of the HadGEM2-ES model underestimated precipitation by 15% during the historical period as compared with the station data. (5) RegCM4.3 simulations were applied to SWAT without a bias correction, which has advantages [10, 86] and disadvantages [87] . (6) SWAT was forced with a single RCM (RegCM4.3 forced with HadGEM2-ES) and a single emission scenario (RCP 8.5). However, in our particular case, before the year 2050, all RCP projection scenarios are very similar [32] , which in this case justifies the use of a single emission scenario. Moreover, the climate results presented here are consistent with other studies for the Caribbean region based on different RCMs (Martínez-Castro et al. [15] ; Taylor et al. [70] ) and GCMs [57] . Even though we did not assess the changes in the hydrology in the far future, climate projections for 2070-2096 suggest more drastic changes in temperature and precipitation (i.e., Campbell et al. [3] ; Karmalkar et al. [4] ), consistent with the signs of the changes in our study.
Conclusions
The objective of this study was to assess for the first time in Cuba the impacts of the projected climate change on water resources in two subbasins of the Cauto River using the soil and water assessment tool (SWAT) model. The regional climate model RegCM4.3 was used to force the calibrated SWAT models to simulate a baseline period and near-future (2015-2039) hydrologic regimes under the RCP 8.5 emission scenario.
The main findings from this modeling study can be summarized as follows:
(1) Based on the future projections, temperatures across the Cauto river basin suggest regional increases of 1.5 • C in the mean annual temperature and an 18% decrease in the mean annual precipitation, with the largest decreases expected during the boreal summer rainy season. (2) Under these conditions, the surface water resources in the Cauto River basin may experience considerable changes. Based on the RCP 8.5 projections, the average reduction in discharge could be close to −53% in the mid-altitude (La Fuente) and −61% in the high-altitude (Las Coloradas) subbasins. The SWAT model also suggested a reduction of the aquifer recharge of −52% in La Fuente and −63% in Las Coloradas, with effects on the contribution of groundwater flow. These changes might be driven by a decrease in precipitation in most months, but especially during the summer, and a high percentage of water loss through AET. 
